Background: Colorectal cancer (CRC) ranks as the third most common cancer and the third most killing cancer worldwide [1] . The addition of oxaliplatin to fluorouracil (FOLFOX) or capecitabine (CAPOX) has become a fundamental component of chemotherapeutic regimens and chemoradiation in adjuvant treatment of CRC cancer. Excision repair cross-complementation group 1 (ERCC1) encodes an enzyme that is essential for the efficient repair of DNA damage induced by platinum compounds including Oxaliplatin. Purpose: This study aims to investigate the role of ERCC1 as a predictive and prognostic marker in colorectal patients receiving oxaliplatin based chemotherapy and chemoradiation. Patients and Methods: 100 annotated stage III CRC patients were prepared as immunohistochemical (IHC) analysis of ERCC1 protein expression. All of the patients received oxaliplatin based chemotherapy. Results: Analysis of data showed that high ERCC1 expression was significantly associated with early treatment failure and disease free survival among patient with stage III CRC. Conclusion: High ERCC1 expression was an independent predictor factor of early treatment failure (P < 0.018) and associated with lower disease free survival (P = 0.004).
Introduction
Colorectal cancer (CRC) ranks as the third most common cancer and the third most killing cancer worldwide [1] . It is estimated that around 608,000 deaths from CRC worldwide, accounting for 8% of global cancer-related mortalities [2] . Surgical resection remains to be the potentially curative option for CRC, but postoperative tumor relapse and distantmetastases greatly undermine the long-term survival outcome [3] . Although there is a dramatic improvement of chemotherapy, radiotherapy, and molecular targeted therapy, the addition of oxaliplatin to fluorouracil (FOLFOX) or capecitabine (CAPOX) has become a fundamental component of chemotherapeutic regimens in the standard adjuvant treatment of CRC [3] . MOSAIC trial clarified a 3-year DFS-improvement of FOLFOX4 superior to infusional fluorouracil and leucovorin; nevertheless, a recent update of the MOSAIC trial suggests that with further follow-up, the benefit of oxaliplatin is not of the magnitude that was expected [2] [4] . The recurrence of CRC is a time-dependent phenomenon and 60% -80% of recurrences become apparent within the first 2 years after initial resection [5] . CRC recurrences are mainly attributed to tumor characteristics (e.g., unfavorable genotype, deeper tumor invasion, lymph node metastasis, and advanced cancer stage) [6] . Even though patients with the same TNM stage (The TNM system is the most widely used cancer staging system. Most hospitals and medical centers use the TNM system as their main method for cancer reporting) may display observable variation in clinical outcome and response rates (RRs) to treatment, elucidating that the conventional staging procedures may not accurately predict prognosis [3] . Therefore, it is of utmost importance to find out new molecular markers that will help us to reclassify the patients as regards their clinical prognosis as well as sensitivity to chemotherapy in order to tailor their management strategy [7] . Oxaliplatin, a cytotoxic agent from the diaminocyclohexane platinum family, exerts its cytotoxic effects through the formation of DNA adducts that block both DNA replication and transcription in actively dividing cells [8] . Meanwhile, some authors believed that the increased removal of bulky DNA adducts, which can also be produced by the other detrimental carcinogenic factors, is beneficial for the genome stability and cancer prevention [9] . These adducts are recognized and repaired by the nucleotide excision repair (NER) pathway. The ERCC1 protein which is a major component of nucleotide excision repair (NER) pathway [10] , not only involves the repair of interstrand cross-links in the DNA, but also involves the recognition and remove of cytotoxic agents like oxaliplatin [11] . The relationship between ERCC1 expression and clinical outcome has been investigated in various kinds of malignant cancers including gastric cancer [12] , ovarian cancer [13] , and lung cancer [14] . For patients with CRC, the definite prognostic value of ERCC1 expression has not been established yet. Some authors suggested that increased expression of ERCC1 predicted inferior RRs to chemotherapy and survival outcome [15] . While some other authors didn't find any significant association between ERCC1 expression level and clinical prognosis [16] . According to the previous clinical data, this study aims to investigate the prognostic and predictive role of ERCC1 expression among patients with stage III CRC receiving oxaliplatin based chemotherapy.
Patients and Methods

Patient Population
Between January 2013 and April 2016, a total of one hundred patients with stage III colorectal cancer treated with radical surgery and received adjuvant treatment at South Egypt Cancer Institute were recruited to participate in this study after approval of the local ethics committee and patient's consent.
Inclusion Criteria
Patients of both gender, aged ≥ 18 years with histologically confirmed colorectal adenocarcinoma; stage III according to American Joint Committee on Cancer and the Union for International Cancer Control (AJCC-UICC); 7th Edition. ECOG performance state ≤ 2, adequate hematological (evidenced by white blood cell count ≥ 4000/μl and platelet count ≥ 100,000/μl), renal (creatinine < 1.5 mg/dl) and hepatic functions (serum total bilirubin < 1.5 mg/dl). Characteristics of enrolled patients are shown in Table 1 .
Exclusion Criteria
Patients with inadequate organ functions, and serious uncontrolled concomitant disease that would contraindicate the use of any of the chemotherapy drugs or interfere with cycle regularity were excluded from the study.
Work-Up
A series of 100 patients of stage III CRC, treated with radical surgey (Table 1) . The routine diagnostic work-up including, history and physical examination. CT scans of chest, abdomen and pelvis before starting treatment. Blood sampling for complete blood count, renal and hepatic functions. Serum level of tumor marker CEA.
Response evaluation for oncological imaging employed Response evaluation criteria in solid tumors (RECIST) version 1.1.
Treatment Schedule
Chemotherapy
All the patients were treated with the standard FOLFOX-4 consisting of 2-hour intravenous infusion of oxaliplatin (85 mg/m ) lasting 22 h on days 1 -2, every 2 weeks. The toxic effects were evaluated using the national cancer institute common toxicity criteria [17] . According to the standard practice of our institution, in case of any grade III toxicity; treatment was interrupted until recovery and then restarted with a 25% dose reduction. Treatment was permanently stopped in case of any grade IV toxicity.
Radiotherapy
During concurrent chemoradiation for rectal cancer, chemotherapy protocol modified 
Follow-Up
The duration of follow-up was defined as the time between surgery and disease recurrence, death or last hospital contact. The main target of follow up to detect early treatment failure (disease recurrence). History and physical examination every 3 months/ 2 years, then every 6 months later on. CEA level every 3 months/2 years then every 6 months later on. Chest/abdomen/pelvis CT every 6 months/2 years then every year later on. Colonoscopy every year.
Immunohistochemically (IHC) Staining
Briefly, four µm thick sections of each patient's sample were deparaffinised and rehy- 
Evaluation of Immunohistochemistry
The immunoreactivity was evaluated by a single pathologist without prior knowledge of the clinicopathological features and outcome data. The proportion of cells with ERCC1 expression was rated as follows: 0 points for <5% positive tumor cells; 1 point for 5% -25% positive cells; 2 points for 26% -50% positive cells; 3 points for 51% -75% positive cells; and 4 points for > 75% positive cells, and the staining intensity graded as 0 for no staining, 1 for weak staining, 2 for moderate staining, and 3 for strong staining. The specimens were categorized into two groups according the overall immunoreactivity score (IRS) score into: ERCC1 negative (0 -1 point), and ERCC1 positive (≥2 points) as previously described [19] , (Figure 1 and Figure 2 ).
Statistical Analysis
All statistical analyses were performed using SPSS version 20.0 (SPSS Inc., Chicago, IL).
Data were described as frequencies (percentages). Differences in distributions between
the variables examined were analyzed by chi-square test. Early failure was defined as expression was performed by a forward stepwise method. A P-value < 0.05 was considered statistically significant.
Results
1) The demographic data of 100 patients with stage III CRC are shown in (Table 1 ).
The median age at diagnosis was 45 years (range, 19 -69 years) with mean 41.2 ± 12.3.
We followed the patients until April 2016 with a median follow-up period of 21 months (range, 6 -32 months). TNM staging are shown in (Table 2) .
2) ERCC1 protein expression: ERCC1 high expression was observed in 21 cases 3) Pattern of treatment related toxicity: Concerning the main treatment side effects; neurotoxicity, GIT toxicity (vomiting/diarrhea) and myelosuppression appeared in 27%, 26%, and 25% patients, respectively. Most cases were grades 1 or 2. Hepatotoxicity was observed in 8 (8%) patients. 8 patients were irregularly on treatment due to grade 2 -3 toxicity. Oxaliplatin and 5-FU doses were both reduced by 25% in 5 patients with stage III due to grade III toxicity and treatment stopped in 2 cases due to grade IV toxicity.
Association between Postoperative Early Failure and Clinicopathologic Features and ERCC1 in the Stage III CRC Patients
1) Univariate analysis revealed that deeper tumor invasion (P < 0.002), high postoperative CEA level (P < 0.041) and positive ERCC1 (P < 0.004) were significantly associated with early treatment failure (Table 3) . However, there was no significant association between gender, age, tumor location, histopathology or lymph node metastases and early treatment failure.
2) A multivariate logistic regression analysis using forward stepwise method revealed that ERCC1 expression (HR: 0.045; 95% CI, 1.1 -2.4; P < 0.018), deeper tumor invasion (HR, 1.42; 95% CI, 0.003 -0.57; P < 0.001) and high postoperative CEA level (HR, 9.5; 95% CI, 0.83 -109.2; P < 0.041) were an independent predictors for early failure following FOLFOX-4 adjuvant chemotherapy (Table 4 and Table 5 ).
Survival Analysis of ERCC1 Expression in Stage III CRC Patients
The DFS in CRC patients with high ERCC1 expression was significantly shorter than that in CRC patients with low ERCC1 expression (16 vs. 25 months; P = 0.004; Figure   2 ).
Discussion
Combination Oxaliplatin and 5-FU is a standard chemotherapy regimen in stage III CRC patients. However, large proportion of patients displays varying levels of treatment resistance, indicating that the therapeutic efficacy has anotableinter-individual variability. Hence, it is important to find biomarkers that might enable the selection of which chemotherapy regimen offers the greatest benefit in an individual patient. Several studies have investigated the influence of ERCC1 in resistance to oxaliplatin compound in CRC patients. Shirota et al. found that low mRNA ERCC1 expression is related to better survival in irinotecan-resistant CRC patients treated with oxaliplatin [15] . Lenz study found that the advanced CRC with high expression of ERCC1 mRNA
should not be offered oxaliplatin-based chemotherapy [20] . Li et al. found that ERCC1 expression remained an independent significant prognostic factor for DFS and OS among patients with CRC on oxaliplatin-based chemotherapy [19] . In addition, Opus study found that Patients in the FOLFOX4 arm in the high ERCC1 expression group had shorter PFS, overall survival and a lower response rate compared with those in the low ERCC1 expression group [21] overexpression [18] . Similarly, in our study, among patients with stage III CRC, a multivariate logistic regression analysis showed that positive ERCC1 tumor was independent predictor of early treatment failure. Additionally, positive ERCC1 tumors had lower DFS. This finding is consistent with the known function of ERCC1 in DNA repair following platinum therapy. Cancer cells with ERCC1 overexpression may have higher DNA repair capacity that could effectively reduce the anticancer effect of oxaliplatin, leading to poor prognosis of these patients. Moreover, ERCC1 expression often possesses a high DNA-repair capability, and so, upon exposure to oxaliplatin, will un-dergo relatively less apoptosis. Apoptosis is also one of the main mechanisms through which platinum compounds exert their antineoplastic activity, so less apoptosis is related to poor therapy efficacy and leading to treatment failure [23] . ERCC1 expression was significantly correlated with histologic grade in our results and this significant correlation was reported in a previous study [24] . However, the interpretation of this result is limited by the small number of patients in our study; other researchers did not report this significant correlation.
Conclusion
In summary, our findings showed that ERCC1 is an independent predictive factor for early failure and DFS in stage III CRC patients. This supports the hypothesis that ERCC1 may be useful for improving the chemotherapeutic outcome in patients with stage III CRC. When ERCC1 overexpression is present, it seems possible to identify CRC patients who gain the least benefit from the addition of OX to 5-FU. Selecting alternative chemotherapeutic regimens or even adding agents on the basis of pharmacogenetics information may present an innovative strategy. Also, it may help to identify patients who would benefit from intensive follow-up.
